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I. A Letter to the Right honourable George 
Earl of Macclesfield concerning an appa- 
rent Motion ohferved in fome of the fixed 
Stars J by James Bradley D. Z). Aftrommer 
Royaly and F. R> S, 



My Lord, 

Read at a Meeting jr ■ '^HE great Exadncfs, with 

|r^f^A*^ Royal Society, ■ which Inftrumcnts are now 

e «•• H- 1747' ■ conftruded, hath enabled 

-^ the Aftronomers of the 
prcfent Age to difcover feveral Changes in the Po- 
fitions of the heavenly Bodies ; which, by reafon of 
their Smallnefsy had efcaped the Notice of their Prc- 
deceflbrs. And altho' the Caufes of fuch Motions have 
always fubfilted, yet Philofophers had not fo fully 
confidcr'd, what the Effefts of thofe known Gaufes 
would be, as to demonftrate a priori the Th/eno' 
mena they might produce ; fo that Theory itfcif is 
here, as well as in many other Cafes, indebted to 
Pradice, for the Difcovery of fome of its moft ele- 
gant Dedudions. This points out to us the great 
Advantage of cultivating i;&ij, as well as every other 
Branch of Natural Knowledge, by a regular Series 
of Obfervations and Experiments. 

The Progrefs of Aftronomy indeed has always 
been found, to have fo great a Dependence upon 
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accurate Obfcrvations, that, till fuch were made, it 
advanced but flowly : For the.firft confidcrabic Im- 
provements that it received, in point of Theory, were 
owing to the renowned Tycho Brake '^ who far ex- 
ceeding thofc that had gone before him, in the 
Exaclncfs of his Obfcrvations, enabled the fagacious 
Kepler to find out fomc of the principal Laws, re- 
Jating to the Motion of the heavenly Bodies. The 
Invention of Teicfcopcs and Pendulum-Clocks af- 
fording proper Means of ftill farther improving the 
^Fraxis of Aftronomy i and thefe being alfo foonfuc- 
ceeded by the v/ondcrful Difcoverics made by our 
Great Newton, as to its Theory > the Science, in 
both refpects, had acquired fuch extraordinary Ad- 
vancement, that future Ages feemcd to have little 
room left, for making any great Improvements. But^,. 
in fad, we find the Cafe to be very different $ for, 
as we advance in the means of making more nice 
Inquiries, new Points generally offer thcmfelves,. 
that demand our Attention. The Subjecl of my 
prcfent Letter to your LordiTiip, is a Proof of the 
Truth of this Remark : for, as foon as I had difco- 
vered the Caufc, and fettled the Laws of the Aber- 
rations of the fixed Stars, ariftng from the Motion 
of Light, &c. whereof I gave an Account in N"". 
40 e. of the ^hikfaphkal Tranfa&ions i my Atten- 
tion was again excited by another ^^te? ^hdnomenon^ 
viz. an annual Change of Declination in fome of 
the fixed Stars ^which appeared to be izvSih\^ g^teatfr 
about that time, than a Preceffion of the Equinoctial 
Points of fo^^ in a Year w^ould have occafioned. 
The Quantity of the Difference, tho* fniail in itfclf, 
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was tendered perceptible, thro' the Exaftnefs of my 
Inftrumenr, even hi the firft Year of my Obferva- 
tionsj but being then at a Lofs to gucfs, from what 
Caufe that greater Change of Decimation proceeded, 
I endeavoured to allow for it in my Computations, 
by making ufe of the obfer^ued annual Difference, 
as mentioned in p. 652. of the fame TranfaBion. 

From that time to the prefent, I have continued 
to make Obfervations at Wanfiedy as Opportunity 
offered, with a View of difcovering the Laws and 
Caufe of this Th^mmemn: For, by the Favour of 
my very kind and worthy Friend Matthew Wy- 
mondefold Efq, my Inftrument has remained, where 
it was firft erefted j fo that I have been able, with- 
out any Interruption, which the Removal of it to 
another Place would have occafioned, to proceed 
on with my intended Series of Obfervations, for the 
Space of twenty Years : a Term fomewhat exceeding 
the whole Period of the Changes, that happen in this 
^hanomenon^ 

When 1 fhall mention t\\c fmall Quantity of the 
Deviation, which the Stars are fubjed to, from the 
Caufe that 1 have been fo long fearching after 5 1 am 
apprehenfive, that I may incur the Cenfure of fomc 
Perfons, for having fpent fo much Time in the Pur- 
fuit of fuch a feeming Trifle : But the candid Lovers 
of Science will, I hope, make due Allowance for 
that natural Ardour, with which the Mind is urged 
on towards the Difcovery of Truths, in themfelves 
perhaps of fmaii Moment^ were it not that they tend 
to illuftrate others of greater Ufe. 

The apparent Motions of the heavenly Bodies arc 
ib complicated, and affcded by fuch a Variety of 
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Caiifcsi thai in many Cafes it is extremely difficult to 
aitign to each its due Share of Influence $ or diftinftly 
to point out, what Part of the Motion is the Effe£l: of 
one Caufe, and what of another: And whiift the 
joint Effects of Jil arc only attended to, great Irre- 
gularities and fceming Inconfiftencics frequently oc^ 
cur 5 whereas, when we are able to allot to each 
particular Caufc its proper EffeO:^ Harmony and Uni- 
formity ufually cnfue* 

Such feeming Irregularities being alfb blended 
with the unavoidable Errors, which Aftronomical 
Obfervations muft be always liable to, as well from 
the Imperfection of our Scnfcs, as of the Inftruments 
that we make ufe of, have often very much per- 
plexed thofe, who have attempted to folve the Th£- 
mmena : and till Means are difcovercd, whereby we 
can feparate and diflinguiOi the particular Part of 
the whole Motion, thac is owing to each refpcctive 
Caufe, it will be impoiUble, to be well afiured of 
the Truth of any Solution, For thefe Reafons, we 
generally find, that the more exact the Inftruments 
are, that we make ufe of, and the more regular the 
Series of Obfervations is, that we take $ the fooner 
we are enabled to difcover the Caufc of any nev/ 
^h£mmmon* For when we can be well alTured 
of the LimirSj wherein the Errors of the Obferva- 
tions are contained \ and have reduced them within 
as narrow Bounds as polTible, by the Perfe£tion of 
the Inftruments which we employ i we need not he- 
iltate to afcribe fuch apparent Changes, as manifeftly 
exceed thofe Limits, to fome other Caufcs. Upon, 
thefe Accounts it is incumbent upon tht praciicai 
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Aftronomer, to fet out at firft with the Examination 
of the Correctnefs of his Inftmmentsj and to be af- 
fured that they are fufficiently exad for the Ufe he 
intends to make of them : or at leaft he lliould know, 
within what Limits their Errors are confined. 

This Pradice has, in an eminent manner, been 
lately recommended by your Lordfhip's noble Exam- 
ple $ who having, out of a lingular Regard for the 
Science of Aftronomy, ereded an Obfervatory, and 
furnifhed it with as complete an Apparatus of Inftru- 
ments, as our beft Artifts could contrive ; would not 
fully rely on their Exadnefs, till their Divifions had un- 
dergone the ftrideft Re- examination: whereby they 
are probably now rendered as perfed in their kind, as 
any extant, or as human Skill can at prefent produce. 

The Lovers of this Science in general, cannot but 
acknowledge their Obligations to your Lordfliip on 
this Account i but I find myfelf more particularly 
bound to do it 5 fmce, by means of your Lordfhip's 
moft accurate Obfervations, I have been enabled to 
fettle fome principal Elements 1 which I could not 
at prefent otherwife have done, for want of an In- 
ftrument at the Royal Obfervatory, proper for that 
Purpofe : For the large mural G^uadrant^ which is 
there fixed to obferve Objeds lying Southward of 
the Zenith, however perfeB an Inftrument it may 
be in it felf, is not alone fuificient to determine, 
with proper Exadnefs,. either the Latitude of the 
Obfervatory, or the Quantity of Refradion corre* 
fponding to different Altitudes : For it being too 
heavy to be conveniently removed 5 and the Room 
wherein it is placed, being too fmall to admic of its 
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being turned to the oppoilte Side of the Wall, 
whereon it now hangs^ 1 cannot, by afiual Obktv^i- 
tions of the circunipolar Stars, fettle thofe neceflfary 
Points I and therefore have endeavoured to do ir, by 
comparing my own vrith your Lordfliip's Obferva- 
cions: and unril this Defect in the ^^^^r^/^j belong- 
ing to the Royal Obfcrvatory be removed, we muft 
be indebted to your Lordfhip, for the Knowledge of 
its true Situation. 

A Mind intent upon the Purfuit of any kind of 
Knowledge, will always be agreeably entertained, with 
wnat can fupply the moft proper means of attaining 
it: Such, to the practical Aftronomer, are exact and 
well-contriv*d Inftruments^ And I reflect with Plea- 
lure on the Opportunities I have enjoyed, of cultiva- 
ting an Acquaintance and Friendfhip with the Per- 
Ion, that, of all others, has moft contributed to their 
Improvement. For I am fenfible, that if my own 
Endeavours have, in any refpect, been effectual to 
the Advancement of Aftronomy 5 it has principally 
been owing to the Advice and Affiftance given me 
by our worthy Member Mr. George Graham \ whofe 
great Skill and Judgment in Mechanicks, joinM with 
a complete and practical Knowledge of the Ufcs of 
Aftronomical Inftruments, enable him to contrive 
and execute them in the moft perfect manner. 

The Gentlemen of the Royal Academy of Sciences, 
to whom we are fo highly obliged for their exact 
Admeafurement of the Quantity of a Degree under 
the Arctic Circle, have already given the World 
very convincing Proofs of ^ix Care and Abilities in 
thofe Refpectsi and the particular Delineation, 
which they have lately publifhed, of the feveral Parts 
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of the Se^oryWhich he made for them, hath now ren- 
dered it needkfs, to enter upon any minute Defcription 
o^ mine at Wanftedy both being conftrufted upon the 
fame Principles, and diffedng in their component 
Parts, chiefly on account of the different Purpofes, 
for which they were intcn<led. 

As mine was originally defigned to take only the 
T)ijferences of the Zenith Diftances of Stars, in the 
various Seafons of the Year, without any View of 
difcovering their true Places \ I had no Occafion to 
know exadly, what Point on the Limb correfponded 
to the true Zenith : and therefore no Provifion was 
made in my Seftor, for the changing of its Situation for 
that Purpofe. Neither was it ncceflary that the Di- 
vifions or Points on the Arc Ihould be fct off', with 
the utmoft Accuracy, Equidiftant from each other % 
becaufe, when I obferve any particular Star, the fame 
Spot or Point being firft bifefted by the Plumb-line, 
and then the Screw of the Micrometer turn'd until 
the Star appears upon the middle of the Wire, that 
is fixed in the common Focus of the Glafles of the 
Telefcope, I can thereby colled, how far the Star is- 
from that given Point at the Time of Obfervation : 
and afterwards, by comparing together the feveral 
Obfervations that are made of it, I am able to difco- 
ver what apparent Change has happened. The Qiian- 
tity of the vifibie Alteration, in the Pofition of the 
Stars, being expreffed by Revolutions and Parts of 
a Revolution, of the Screw of the Micrometer, I 
endeavoured to determine, with great Care, the true 
Angle anfwering thereto : and after various Trials, I 
thoroughly fati^cd myftlf, both of the Equality of 
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the Threads of the Screw, and of the precife Num- 
ber of Seconds correfpondiiig to them. 

But altho' thcle Points could be fettled with great 
Certainty, I was neverthelefs obliged to make one 
Suppofition 5 which perhaps to fome Perfons may 
fcem of too great Moment in the prefent Inquiry, 
to be admitted without an evident Proof from Fads 
and Experiments. For \ fuppofe^ that the Line of 
Collimationof my Telefcope has invariably preferved 
the fame Direction, with refpecl to the Divifions up- 
on the Arc, during the wliole Courfe of my Ob- 
fervations. And indeed it was on account of the 
Objcclions, which might have been raifed againft 
fuch a Tojiulate^ that I thought it neceffary, to con- 
tinue my Series of Obfervations for fo many Years, 
before I publilhed the Conclufions, which 1 fhaii at 
prefent endeavour to draw from them. 

Whoever compares the Refult of the feveral 
Trials, tiiat have been made by the Gentlemen of 
the Academy of Sciences^ for determining the Ze- 
nith Point of their Sedor, fmce their Return from 
the North; will, Iprefume, allow that mine is not 
an unreafonable or ^tcQ2iXio\xs Suppofition: fincc it 
is evident, from their Obfervations, that the Line of 
Coliimation of that Inftrument underwent no fenfi- 
ble Change in its Direction, during the Space of 
more than a whole Ycarj altho' it was feveral times 
taken down, and fet up again in different and re- 
mote Places; whereas mine hath always remained 
fufpcndcd in the fame Place. 

But befides fuch a flrong Argument for the Pro- 
bability of the Truth of my Suppofition^ I have the 
Satisfadion of finding it actually verified by the 
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Obfcrvations themfelvesi which plainly prove, that 
at the End of the full Period of the Deviations which 
I am going to mention, the Stars arc found to have 
the fame Pofuions by the Inftrumcnt, as they ought 
to have^ fuppofing the Line of Collimation to have 
continued unaltered from the Time whenlfirft begaa 
to obferve. 

I have already taken notice, in what manner this 
Phenomenon difcover'd itfelf to me at the End of 
my firft Years Obfcrvations, viz. by a greater ap* 
parent Change of Declination in the Stars near the 
Equinoftial Colurc, than could arife from a Prc- 
ceffion of 50^' in a Year $ the mean Quantity now 
ufually allowed by Aftronomers. But there appear- 
ing at the fame time, an EfFed of a quite contrary 
Nature, in fome Stars near the Solftitial Colure, 
which feem'd to alter their Declination lefs than a 
Preccffion of 50'^ required,- I was thereby con- 
vinced, that all the Thanomena^ in the different 
Stars, could not be accounted for, merely by fup- 
pofing, that I had aflfumed a wrong Quantity for the 
Preceilion of the Equinoctial Points. 

At firft, I had a Sufpicion, that fome of thefe fmall 
apparent Alterations in the Places of the Stars, might 
poflibly be occafioned by a Change, in the Materials, 
or in the Pofition of the Parts of my Sedor : But, 
upon confidering how firmly the Arc, on which 
the Divifions or Points are made, is fattened to the 
Plate, wherein the Wire is fixed that lies in the 
Focus of the Object-Glafsj I faw no Reafon to ap- 
prehend, that any Change could have happened in 
the Pofition of that Wire and thofe Points. The 
Sufpenfion therefore of the Plummet being the moft 
likely Caufe, from whence I conceived any Uncer- 
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tainty could arife $ and the Wire of which had bcca 
broken three or four times in the firft Year of my 
Obfcrvations : I attempted to examine, whether Part 
of the 'foremention'd apparent Motions might not 
have been owing, to the different Plumb4incs that 
had been made ufe of. In order to deterjtnine this, 
I adjufted a particular Point of the Arc to the Plumb- 
line, with all the Exactnefs I could 5 and then taking 
off the old Wire, I immediately hung on another, 
with which the fame Spot was again compared. I 
repeated the Experiment three or four times, and 
thereby fully fatisfied myfelf, that no fenfible Error 
could arife from the Ufe of different Plumb-lines s 
fince the various Adjuftments of the fame Point 
agreed with each other, within lefs than half a 
Second. 

Having then, from fuch Trials, fufficient Reafon 
to conclude, that thefe fecond unexpedcd Devia- 
tions of the Stars, were not owing to any Imperfedion 
of my Inftrument5 after 1 had fettled the Laws of the 
Aberrations arifing from the Motion of Light, ire. 
I judged it proper to continue my Obfcrvations of 
the fame Stars $ hoping that, by a regular and longer 
Series of them, carried on thro' feveral fucceeding 
Years, I might, at length, be enabled to difcover 
the red Caufe of fuch apparent Inconfiftencies. 

As 1 refidcd chiefly at PFanfiedy after my Seftor 
was erected there in the Year 1727- till the Begin- 
ning oiMay 1732. when I removed from thence to 
Oxford : 1 had, during my Abode at Wanjied^ fre- 
quent Opportunities of repeating my Obfcrvations s 
and thereby difcovered fo many Particulars relating 
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to thefe Thanomenay that I began to guefs what was 
the real Caufe of them. 

It appeared from my Obfervations, that, during 
this Interval of Time, fome of the Stars near the 
Solftitial Colure, had changed their Declinations 9^^ 
or 10'' lefs, than a Preceffion of fo^' would have pro- 
duced 5 and, at the fame time, that, others near the 
Equinodial Colure, had altered theirs about the fame 
Quantity morey than a like Preceffion would have 
occafioned : the North Pole of the Equator feeming 
to have approached the Stars, which come to the 
Meridian with the Sun, about the Vernal Equinox 
and the Winter Solftice 1 and to have receded from 
thofe, which come to the Meridian with the Sun,about 
the Autumnal Equinox and the Summer Solftice. 

When I confider'd thefe Circumftances, and the 
Situation of the Afcending Node of the Moon's 
Orbit, at the time when I firft began my Obferva- 
tions 5 1 fufpcfled, that the Moon's Aftion upon the 
Equatorial Parts of the Earth might produce thefe 
Effefts : For, if the Preceffion of the Equinox be, 
according to Sir Ifaac Newton*s Principles, caufed 
by the Anions of the Sun and Moon upon thofc 
Parts 5 the Plane of the Moon's Orbit being zt one 
time, above ten Degrees more inclined to the Plane 
of the Equator, than at another 5 it was reafonablc 
to conclude, that the Part of the whole annual Pre- 
ceffion, which arifcs from her Aftion, would in dif- 
ferent Years be varied in its Quantity j whereas the 
Plane of the Ecliptic, wherein the Sun appears, 
keeping always nearly the fame Inclination to the 
Equator i that Part of the Preceffion, which is ow- 
ing to the Sun's Adion, may be the fame every 
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Year : And from hence it would follow, that, alcho' 
the mean annual Prcceffion, proceeding from the 
joint Anions of the Sun and Moon, were 50^^ i yet 
the apparent annual Preceflion might fometimes ex- 
ceed, and fometimes fall fliort, of that mean Quan- 
tity, according to the various Situations of the Nodes 
of the Moon's Orbit. 

In the Year i/i/* when my Inftrument was firfl: 
fet up, the Moon's Afcending Node was near the 
Beginriing oi Aries %zwd, confequently, her Orbit 
was as much inclined to the Equator, as it can at 
any time be; and then the apparent annual Preccffidn 
was found, by my firft Year's Obfervations, to be 
greater than the^^^;^; which proved, that the 
Stars near the Equinoftial Colure, whofe Declina- 
tions are moft of all affcfted by the Preceflion, had 
changed their s\ above a tenth Part more than a Pre- 
ceflion of 50'' would have caufed. The fucceeding 
Years Obfervations proved the fame Things and 
in three or four Years time the Difference be- 
came fo confiderable, as to leave no Room to fuf- 
peft, that it was owing to any Imperfeftion, either 
of the Inftrument or Obfervations- 

But fome of the Stars, which I had obferved, that 
were near the Solftitial Colurc, having appeared to 
move, during the fame time, in a manner contrary 
to what they ought to have done, by an Increafe in 
the Preceflion i and the Deviations in them being 
as remarkable as in the others, I perceived that fome- 
thing more, than a mere Change in the Quantity of 
the Preceflion, would be requifite to folve this Part 
of the Th^nomenon* Upon comparing my Obfer- 
vations of Stars near the Solftitial Colure, that w©re 
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almoft oppofitc to each other in Ilii;ht Afccnfioa; 
I found, that they were cqunily afF<.6icu i^y tin's 
Caufc5 for whilft y T)raconis appeared to !\a\c 
moved Northward, the imall Star, which is the 
i ^xhCamelopardali Hevel. in the Britijh Catalogue, 
fcem'd to have gone as much towards the South : 
which fhew'd, that this apparent Motion, in both 
thofe Stars, might proceed from a Nutation in the 
Earth's Axis; whereas the Comparifon of my Obfer- 
vations of the fame Stars, formerly enabled me io 
draw a different Conclufion, with refpeft to the 
Caufe of the annual Aberrations arifing from the 
Motion of Light. For the apparent Alteration in 
y T)raconiSy from that Caufe, being as great again 
as in the other fmall Star, proved, that that "Tha- 
nomenon did not proceed from a Nutation of the 
Earth's Axis; as, on the contrary, this mzy. Upon 
making the like Comparifon between the Obfcrva- 
tions of other Stars, that lie nearly oppofite in Right 
Afcenfion, whatever their Situations were with re- 
fpecl to the Cardinal Points of the Equator, it ap- 
peared, that their Change of Declination was nearly 
equal, but contrary 5 and fuch as a Nutation or Mo- 
tion of the Earth's Kns would effed. 

The Moon's Afcending Node being got back to- 
wards the Beginning of Capricorn in the Year 1732, 
the Stars near the Equinoftial Colure appeared, about 
that time, to change their Declinations no more, 
than a Prcceffion of 50^^ required; whilft fome of 
thofe near the Solftitial Colure altered theirs above 
2'' in a Year lefs, than they ought. Soon after, I 
perceived the annual Change of Declination of the 
former to be dimi^ifhcd, fo as to become lefs than 
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§o'^ of Prcccflion would caufci and it continued to 
diminifh till the Year 1736. when the Moons 
Alccnding Node was about the Beginning oiLibra^ 
and her Orbit iiad the leajl Inclination to the Equa- 
tor. But by this time, iome of the Stars near the 
Solftitial Colure had altered their Declinations 18^' 
lefst lincc the Year 1727. than they ought to have 
done from a Preceflion of 50^^ For yT^raconiSy 
which in thofe nine Years fhould have gone about 
8'' more Southerly^ was obferved in 1736* to appear 
10'' more Northerly^ than it did in tiie Year 1727. 

As tiiis Appearance my "DraconiSy indicated a Di- 
minution of the Inclination of the Earth's Axis to 
the Plane of the Ecliptic ; and as feveral Aftrono* 
mers have fuppofcd that Inclination to diminifh re- 
gularly i if this P^^^;^^;^^;^^;^ depended upon fuch a 
Caufe, and amounted to 18'' in nine Years, the Obli- 
quity of the Ecliptic would, at that rate, alter a whole 
Minute in thirty Years i which is much fafter than any 
Obfervations, before made, would allow. I had Reafon 
therefore to think, that fome Tart of this Motion 
at the lead, if not the JVhole^ was owing to the 
Moon's Adion upon the Equatorial Parts of the 
Earth 5 which I conceived, might caufe a libratcry 
Motion of the Earth's Axis. But as I was unable to 
judge, from only nine Years Obfervations, whether 
the Axis would entirely recover the fame Pofition, 
that it had in the Year 1727. I found it neceflary to 
continue my Obfervations thro' a whole Period of 
the Moon's Nodes $ .at the End of which I had the 
Satisfaftion to fee, that the Stars returned into the 
fame Pofitions again; as if there had been no Al- 
teration at all in the Inclination of the Earth's Axis : 
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which fully coavinced me, that I had guefled rightly 
as to the Caufc of the Th£mmena. This Circum- 
fiance proves likewife, that if there be a gradual 
Diminution of the Obliquity of the Ecliptic 5 it 
does not arife only from an Alteration in the Po- 
rtion of the Earth's Axis, but rather from fome 
Change in the Plane of the Ecliptic itfdf : becaufe 
the Stars, at the End of the Period of the Moon's 
Nodes, appeared in the fame Places, with refped 
to the Equator, as they ought to have done, if the 
Earth's Axis had retained the fame Inclination to aa 
invariable Plane. 

During the Courfe of my Obfervations, our in- 
genious Secretary of the Royal Society^ Mr. John 
Machin, being employed in confidering the Theory 
of Gravity; and its Confequences, with regard to 
the Celeftial Motions $ I acquainted him with the 
Thanomena that I had obfervcd : and at the fame 
time mentioned, what I fufpefted to be the Caufc 
of them. He foon after fent me a Table, contain- 
ing the Quantity of the annual Preceffion in the 
various Pofitions of the Moon's Nodes, as alfo the 
correfponding Nutations of the Earth's Axis 5 which 
was computed upon the Suppojition, that the mean 
annual Preceffion is f o^', and that the Whole is 
governed by the Pole of the Moon's Orbit only : 
and therefore he imagined, that the Numbers in the 
Table would be too large % as in Fad they were 
found to be. But it appeared, that the Changes 
which I had obferved, both in the annual Precef- 
fion and Nutation, kept the fame Law, as to in- 
creafmg and dccreafing, with the Numbers of his 
Tabic. Thofe were calculated upon the Suppofition, 
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that the Pole of the Equator, during a Period of the 
Moon's Nodes, moved round in the Periphery of a 
little Circle, whofe Center was 23"^ 29^ diftantfrom 
the Pole of the Ecliptic I having itfelfalfoan angular 
Motion of 50^' in a Year, about the fame Pole : 
The North Pole of the Equator was conceived 
to be in that Part of the fmall Circle, which is 
fartheft from the North Pole of the Ecliptic, at the 
Time when the Moon's Afcending Node is in the 
Beginning of juries: and in the oppofite Point of it, 
when the fame Node is in Libra. 

Such a Hypothecs will account for an Accele- 
ration and Retardation of the annual Preceffion$ as 
alfo for a Nutation of the Earth's Axis: And if the 
Diameter of the little Circle be fuppofed equal to 
1 8^'$ which is the whole Quantity of the Nuta- 
tion, as collected from my Obfervations of y T)ra- 
corns: then all the Vh£nomena in the feveral Stars 
which I obfcrvcd, will be very nearly folved by it. 
Let jPreprefentthe 
mean Place of the 
Pole of the Equator, 
about which Point, 
sis a Center, fuppofe 
the true Pole to 
move in the Circle 
^£C2),whofc Dia- 
meter is i8'^ Let jE 
be the Pole of the 
Ecliptic, and ET 
be equal to the mean 
Diftance between 
the Poles of the 

the Equator and Ecliptic 3 and fuppofe the true 

Pole 
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Pole of the Equator to be at A^ when the Moon's 
Afccnding Node is in the Beginning of Arte$ ; and 
at jB, when the Node gets back to Capricorn ; and 
at C, when the fame Node is in Libra : at which 
time the North Pole of the Equator being nearer 
the North Pole of the Ecliptic, by the whole Di- 
ameter of the little Circle y!^C equal to i8'' ;the Obli- 
qnity of the Ecliptic will then be (o much /efs than 
it was, when the Moon's Afcending Node was iu 
Aries. The Point ? is fuppofed to move round 
Ey with an equal retrograde Motion, anfwcrable 
to the mean Precellion arifmg from the joint 
Anions of the Sun and Moon : while the true Pole 
of the Equator moves round jP, in the Circumfe- 
rence ABCT>j with a retrograde Motion likewife, 
in a Period of the Moon's Nodes, or of eighteen Years, 
and feven Months. By this means, when the Moon's 
Afcending Node is in ArieSy and the true Pole of 
the Equator at Aj is moving from A towards B : it 
will approach the Stars, that come to the Meridian 
with the Sun about the Vernal Equinox , and recede 
from thofe that come with the Sun near the Autumnal 
Equinox, fa/fer than the mean Pole T docs. So 
that, while the Moon's Node goes back from Aries 
to Capricorn, the apparent Precellion will fecm fo 
much greater than the means as to caufc the Stars, 
that lie in the Equinoclial Colure, to have altered 
their Declination 9'', in about four Years and eight 
Months, more than the mean Preceffion would do: 
and in the fame time, the North Pole of the Equa- 
tor will fecm to have approached the Stars, that come 
to the Meridian with the Sun at our XA^intcr Sol- 
fticc, about 9^'^ and to have receded as much from 
thofc, that come with the Sun at the Summcr-Solfticc, 

C Thus 
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Thus the Th^mmena before recited arc in ge- 
neral contormable to this Hypothefis. But to be 
more particular $ Jet 
45' be the Place of a 
Star, TS the Circle 
of Declination pad- 
ing thro' it, reprc- 
fcntinc^ its Diflance 
from the mean Pole, 
and r^PS its mean 
Ri^ht Afcenfion, 
Then if Oand i? be 
the Points, where 
the Circle of De- 
clination cuts the 
iittk Circle A BCD § the true Pole will be neareft that 
vSrar at O, and fartheft from it at J? 5 the whole Dif- 
ference amounting to 18'', or to the Diameter of the 
little Circle. As the true Pole of the Equator is 
fuppofed to be at A, when the Moon*s Afcending 
Kode is in j^rm ; and at Br when that Node gets 
back to CapriCorn\ and the angular Motion of the 
true Pole about /P, is likewife fuppofed equal to that of 
the Moon's Node about £, or the Pole of the Eclip- 
tic: fince, in thcfc Cafes, the true Pole of the Equa- 
tor is 90 Decrees before the Mooa's Afcending Node, 
it muft be fo in all others. 

When the true Pole is at J, it wrll be at the 
fame Diftance from the Stars that lie in the Equinoftial 
Colure, as the mean Pole "P isj for I negled at 
prefent the Cafe of fuch Stars as are njery near the 
Pole of the Equator $ and as the true Pole recedes 
back from A towards iS, it will approach the Stars^ 
that lie In that Part of the Colure reprefented by 
^T 'y and recede from thofe, that lie in ^-^ not 

indeed 
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indeed with an equable Motion j but in the Rath 

of the Sine of the Diftance of the Moon's Node 
from the Beninnin^ of Ants. For if tlie Node be 
fuppofcd to have gone backwards from Aries 50'", 
or to the Beginning of ^Pijcesh the Point, which 
xc'prcfcnts the Place of the true Pole, will in the 
mean time, have moved in the little Cncie, thro' 
an Arc, as yfO, of 30^ Jikewifc : and would there- 
fore in Effect have approached the Stars that He in 
the Equinoctial Cokirc 'jPv^ and have receded from 
thofc that lie in ^ ^^ 4"! i which is the Sine ot 
30'' to the Radius A'P. For if a Perpendicular 
tall from- O upon ^ A, it may be conceived a.s 
Part of a great Circle, palling thro' the true Pole 
and any Star lying in the Equi-noclial Colurc. 
Now the fame Proportion, that holds in thefe Stars, 
will obtain iikewife in all others, and from hence 
we may collect a seneral Rule, for findins; how 
much nearer or farther, any particular Star is, to or 
from, the mean Pole, in any given Pofition of the 
Moon's Node. 

For, \i from the Rigki-AJcenJion of the Star ^ v:e 
ftibfiraci the T)ijtance of the Moons Afcending Node 
fromAries*^ then the Radius will be to the Sine of the 
Remainder^ as 9 , is to the Number ofSex'onds, that 
the Star is nearer to^ or farther from the True^ 
than the Mean Tole. When that Remainder is kfs 
than 180°, the Star is nearer to the True, than to 
the xMean Poki and the contrary, when it h greater 
than i8o^ 

This Motion of the true Pole, about the mean at 
Ty will alfo produce a Change in the Right Afcen- 
fions of the Stars, and in the Places of the Equinoc- 
tial Points > as well as in the Obliciuity of the Eclip- 

C 2 tic : 
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tic: and the Quantity of the Equations, in cither 
of rhefe Cafes, may be eafily computed for any given 
Pofition of the Moon's Nodes, But as it may be 
needlefs, to dwell longer on the Explication of the 
Hypothefisj I fhall now proceed to fticw its Corre- 
fpondency with the Vh^nomena^ relating to the AN 
iterations of the Polar Diftances of fome of the Stars 
which I have obfervcd: by laying before your Lord*- 
Ihip the Obfcrvations themfclves, together with the 
Computations that are neceffary $ in order to form a 
right judgment about the Caufe of thcfc Appearances. 

I have endeavoured to find the exaft Quantity of 
the mean Precellion of the Equinodial Points, by 
comparing my own Obfervations made at Green - 
wich:, with thofe of Tycho Brahe and others, which 
I judged to be moft proper for that Purpofe. But as 
many of the Stars, which I compared, gave a dif- 
ic!rent Quantity; I fhall alTume the mean Refult ; 
which gives a Preceflion of one Degree in fevcnry- 
one Years and an half: this agreeing very well like- 
Wifc v/itii my Obfervations that were taken at Wan- 
fled. The Numbers in the following Tables, which 
exprefs the Change of Declination in each Star, arc 
computed upon the Suppofition, that the mean Ob- 
jiquiry of the Ecliptic was 2 3^ 28'. 30'', and that 
it continued i\iz Jame^ during the whole Courfe of 
my Obfervations. And as the Moon's Afcending 
Node was in the Beginning of /fr/>J about the 27th 
Dsy of March \7'^7, I have reduced the Place of 
each Star to that Times by allowing the proper 
Change of Declination from that Day, to the Day 
of each refpective Obfervation. 

It being alfo neceflary to make an Allowance for 
the Aberrations of Lights I have again examined 

my 



my Obfcrvatlons, that were moft proper to deter- 
mine the Tranfverfc Axis of the Ellipfis, which each 
Star fee ms to defcribej and have found it to be 
neareft to 40^'; which Number I therefore make 
ufe of in the following Computations. 

The Divifions or Points upon the Limb of my 
Sedor are placed five Minutes of a Degree from each 
other 5 and are numbered fo, as to (hew the Polar 
Diftances nearly ; the true Polar Diftance exceeding 
that, which is fhewn by the Inftrument, about i'. 3 f. 
When I firft began to obferve, I generally made ufe 
of that Point on the Limb, which was neareft to 
the Star's Polar Diftance, without regarding whether 
it was more Northerly, or more Southerly than the 
Star : but as it fometimes happened, that the Ori- 
ginal Point, with which I at firft compared the Star, 
became, in Procefs of Time, pretty remote from it 5 
I afterwards brought the Plummet to another Point, 
that was nearer to it$ and carefully examined, what 
Number of Revolutions of the Screw of the Micro- 
meter &c. corrcfponded to the Diftance between 
the different Points, that I had made ufe of: by 
which means I was able to reduce all the Obfervations 
of the fame Star to the fame Point, without fuppofing 
the fevcral Divifions to be accurately f afunder. 

I have expreifcd the Diftance of each Star from 
the Point of the Arc, with which it was cornpared, 
in Seconds of a Degree and tenth ^arts of a Second, 
cxadly as it was colleded from the Obfervations 5 
altho* I am fenfible, that the Obfervations them- 
fclvcs are liable to an Error of more than a whole 
Second i becaufe I meet with fome, that have been 
made within two or three Days of each other, that 
differ 2'^, even when they are not marked as de- 
fe6iive in any refpeft. Jc 
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It would be too tedious, to fet down the whole 

Nambcr of the Obfervations that I have made; and 
therefore I fhall give only enough of them, lo fiicw 
their (^orrefpondency with the Torementioned Hy- 
pothefis in the fcvcral Years, wherein any were 
made of the Stars here recited. When federal Ob- 
fervations liave been taken of the fame Star, within 
z few Days of each other, I have either {ti down 
the mean Refult, or that Obfervation which bell 
pgrccd whh it. I have likcwifc commonly chofen 
tjioie, that were made near the fame Seafon of the 
Year, in fuch Stars as gave me the Opportunity of 
making that Choice $ particularly in y T^racmis^ 
which was generally obferved about the End of 
^tigtijl or the Beginning oi September v That being 
the ufual Time, when I went to Wan/ted on pur- 
pofe to obferve both thaty and a Ho fome of the 
Stars in the great Bear. But the Weather proving 
cloudy at that Seafon in the Year 1744, prevented 
my making a fiiigle Obfervation, either of ^ ^ra- 
coniSy or any other Star, wiiile I was there 5 which 
IS the Caufc of one Vacancy in a Series of 20 fuc- 
ceeding Years, wherein that particular Star had been 
obferved. Such Stars, zs were either nxrt vifible in 
the Day-time, towards the Beginning of i'^/^^^^r^ 
or came at fuch Hours of the Night, as would have 
incommoded the Family of the Houfe wherein the 
Inflrumcnt is fixed, were but feldom obferved, after 
1 went to refide at Oxford: which is the Reafon, 
why the Series of Obfervatio^is oithofe is fo impcrfcd, 
a!) fometimcs to leave a Chafm for fcveral Years toge- 
ther. But notwithftandijig this, I doubt not, but 
upon the whole they will be found fufficienr, to 

fatisfy 
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fatisfic your Lordfnip of the general Corrcfpondcncy 
between the Hypotkejts and the Th^nomena, in the 
fcvcral Stars; however difterent their Situations are^ 
with refpect to the Cardinal Points of the Equator. 

As 1 made more Obfervations of y T>racoms 
than of any other Star$ and it being iikcwife very 
near the Zenuh of Wanfiedh I wih begin with the 
Recital of fome of them. The Point upon the 
Limb, with w'hich this Star was compared, was 
38"^. 25^ from the North Pole of the Equator, ac- 
cording to the Numbers of the Arc of my Senior. 
The fifft Column, in the following Table, Ihews 
the Year and the Day of the Month, when the Obfer- 
vations were made 5 the next gives the Number of 
Seconds y that the Star was found to be South of 
38°. 25^: the third contains the Alterations of the 
Polar Diftance, which the mean Prcceflion, at the 
rate of one Degree in 71^ Years, would caufe in 
this Star, from the 27th Day of March 1727, to 
the Day on which the Obfervation was taken : the 
fourth ftiews the Aberrations of Light : the fifth,, 
the Equations arifing from the Torementioned Hy- 
pothefis: and the fixth gives the mean Diftance of 
the Star from the Point with which it was compared, 
found, by collefting the feveral Numbers, according 
to their Signs, in the 3d, 4th, and 5th Columns, 
and applying them to the Qbferved T^iftances con- 
tained in the Second. 

If the Obfervations had been perfcftly cxa£t, and 
the feveral Equations of their due Quantity $ then all 
the Numbers in the laft Column would have been 
equal 5 but fince they differ a little from one another; 
if the mem Of All be taken, and and the Extremes are 

D compared 
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pared with it, we fliall find no greater Difference, 
than what may be fuppofed to arifc from the Uncer- 
tainty of the Obfervations themfelvcs s it no where 
amounting to more than i^'^. The Hypothefis there- 
fore feems, in this Star, to agree extremely well with 
the Obfervations here fet down ; but as I had made 
above 300 of it $ I took the Trouble of comparing 
each of them with the Hypothefis : and altho' it might 
have been expected, that, in {o large a Number, 
fome great Errors would have occurred j yet there 
are very few, njiz. only eleven, that differ from 
the mean of thefe fo much as 2'' 5 and not one that 
differs fo much as 3''* This furprifing Agreement, 
therefore, in fo long a Series of Obfervations, taken 
in all the various Seafons of the Year, as well as in 
the different Pofitions of the Moon's Nodes, feems to 
be a fufficient Proof of the Truth, both of tMs Hypo- 
thefis, and alfo of that which I formerly advanced, 
relating to the Aberrations of Lightj fmcc the Polar 
Diftance in this Star may differ, in certain Circum- 
ftances, almoft a Minute, *viz* 5^"h if the Cor- 
rections refulting from both thefe Hypothefes arc 
neglected s whereas, when thofe Equations are 
rightly applied, the mean Place of the Star comes 
out the fame, as nearly, as can be reafonably ex- 
pected* 
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y Draconis 



South of 
o / 



Precef- 
fion. 



Aberra- 
tion, 



1727 
1728 

1729 



September 3 
March 18 
September 6 
March 6 



// 



70.5 
1087 

70.2 
108.3 






04 

12 
16 



September 8 

1730 September 8 

1731 September 8 

1732 September 6 



/y 



-7- 19.2 

— 19. 

+• 19.3 

— 19.3 



69 4 
68.0 

64.3 



21 
29 

3-8 
4 (\ 



+ 193 

-J* 19*3 
-|- 19.3 

"I ' — X Q, 3 



1733 

1734 

1735 

Si73(J 



Augiiil 29 
Auguft I 1 
September 10 
September 9 



60.8 

()0.0 

f9-1 



54 
6.2 

7.1 

80 



~|- 19.0 

-f- 16.9 

"1* 19* 3 

4- ^9-3 



1737 September 6 

1738 September 13 

1739 September 2 

1740 September 5 

1741 September 2 



6a 8 
62.0 

70.8 
754 



8.8 
10.5 

X JL * -^ 

1 Jitm JL 



19.3 
19.3 

19 2 

19.3 

19. 2 



Nuta- 
tioii. 



8 9 

8.t 

74 



-6.9 

— 3.4. 

— i.o 

*4-" 2.0 



4.8 
6.9 

7-9 
9.0 



8.5 
7.0 

47 
1.9 

I.I 



1742 September 5 
X743 September 2 

1745 oeptember 3 

1746 September 17 

1747 September 2 



76.7 
8i.d 
86.3 
86.5 
86. J 



129 

13-7 
15.4 

16.2 

17.0 



19.3 
19.1 
19.2 
192 
19.2 



4.0 
6.4 
8.9 
8.7 
7.6 



Mdan 
Did, 



// 



80.4 
80.3 
80.2 
80.0 

■■■VIMMNiaiMaHM 

80.2 
80.5 

80,5 

81.0 



79.2 

79*9 
80. 1 

79 



s 



79.8 f 

78.7 

80.0 
80.7 
81,4 



79.1 
806 
81.2 
80.8 

80:7 



I made about 250 Obfervations of ^ Draconis 5 
which 1 find correfpond as well with the Hypothe- 
fis, as thofe of ^$ butfmcethe Pofitionsof both thefc 
Stars, in refpeO: to the Solftitial Colure, differ but 
little from each others it will be needlefs to fct 
down the Obfervations of /3. I fliall therefore pro- 
ceed to lay before your Lordfhip, fome Obfervations 
of a fmall Star; that is aimoft oppoiite to y "Draco- 



'^ 
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conls in Right Afccnfion, being the 35'th Camelo- 
pardali HeveL iii the Britijh Catalogue, hit, Flam^ 
Jleedy indeed, has not given the Right Afccnnoa of 
this Stari but that being neccllary to be known, 
in order to compute the Change of irs Dcciinatioa 
arifiug from the Prccefllon of the Equinox ; I com- 
pared the Time of its Tranfit over the Meridian, 
with that of fomc other Stars near the fame Pa- 
rallel wiicreby I found, that its Plight Afccnfion 
was 85'', 54-'i^t the Beginning of the Year 1737. 

This fmall Star was compared with the fame 
Point of the Limb of my Seftor, as y Draconis > and 
the fecond Column, in the following Table, fhews 
how many Seconds it was found to be South of that 
Point, at the time of each refpedivc Obfervation. 
The other Columns contain, as in the foregoing 
Table, the Equations that are necclTary to find, what 
its mean Diftance from the fame Point would have 
been on the 27th Day of March ly^Jy which is 
exhibited in the laft Column. The whole Number 
of mv Obfcrvations of this Star did not much ex- 
cccd forty 5 the greatcft Part of which were made 
before the Year 17305 in fomc of the following 
Years none were taken $ and only a fingle one in 
any other, except in 173 9- However, their Corrc- 
Ipondency feems fufficient to evince the Truth of 
f he Hypothefis : for if the Mean of thefe, contained 
in the Table, be taken, not one, among the reft of 
the Obfervarions, will differ from it more than i'^ 
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35 ^h Camehpard, 



;^()uch or 

^ 

;8. 25 



Piece!- 
fion. 



Aberra- 
tion. 



Nfutation. 



Vit'an 

Difc. 

Soutb 



1727 October 20 

1728 Jinuary 12 
March i 
September 26 



// 



7V<> 
60.8 

57.8 

75.2 



// 



1.2 
1.4 

2.3 



// 



5.7 
6.1 

94 

8.8 



// 






89 
8.8 

8.7 
8.1 



// 



j6,j 
76.9 

77'% 
76.8 



1729 February 26 564 


2.8 


+ 9-4 


7.6 


76.2 


1730 March 3- 57.8 


4.4 


9.4 


5.4 


77.0 


1731 February 5 


59.1 


5.6 


8.5 


-- 3.0 


762 


1733 January 31 


64.1 


8.7 


82 


— 2.9 


7H.1 


1738 December 30 


61."^ 


17.2 


4-3 


6.5 


76.8 


1739 February 4 


56.9 


H'} 


85 


63 


76.4 


1740 January 20 


5^)0 


18.6 


7.0 


— 4.0 


77.6 


1747 February 27' 32.3 


2B.5 


94 


+ 8.4 


78.5 



The Obfcrvations of the foregoing Stars are the 
mod proper, to prove the Change of the Inclination 
of the Earth's Axis to the Plane of tiie Ecliptic j 
thofc, which follow, will fhew in what manner the 
Stars, tiiat lie near the Equinoctial Colure, are af- 
fcdcd, as well as others, that are differently fituated, 
with refpeft to the Cardinal Points of the Equator. 
Some of thcfc Stars are indeed more remote from 
the Zenith, than 1 would have chofcn, if there had 
been others, of equal Luftrc, in more proper Po- 
fit ions 5 bccaufe Experience has long ilnce taught 
me, that the Obfcrvations of fuch Stars, as lie near 
the Zenith, do generally agree bcft wi^h one ano- 
ther, and arc therefore ihc fitteft to prove the 
Truth of any Hypothcfis- 1 (hall begin with thofc 
near the Vernal Equinox, a Ca[ftope£ was com- 
pared with the Point marked s^""- 55^? and at firft 

was 
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was found to be more Southerly^ but aftrrwards 
became more Northerly than that Point, as in the 
followino; Tabic-: the !aft Column of which rticws 
its mean Diflancc South of that Point on the 27tu 
of March 1727. The Obfcrvation of the 23d Day 
of "^December, in the Year 1738, differs i^^ from 
the mean of the others i as docs alfo another, that 
was taken five Davs after thisj neither of which be- 
ing marked as uncertain, I judged it proper to infert 
one of them 5 altlio' they give the mean Place of the 
Star near 2 Seconds more Northerly than any other, 
in a Scries of above 1005 all of which corrcfpond, 
with the mean oi thcfe here recited, within lefs than 
2^* i excepting two, that give the Stars mean Di- 
fiance ahuoft 3'' more Southerly i but tiiefe laft 
mentioned are marked as dubious; and indeed they 
appear to have been bad, by comparing them with 
ievcral others, that were made near tiie fame time, 
from which they differ almoft 2 



// 



cc CaJJiopea. 



1727 September 

1728 September 

1729 June 
December 

7750 



bouch 
o 



f 



34- 55 



// 



55.0 
30.8 

35-7 
N. ()4 



June 

December 
r7]2 January 
17^^ January 21J 



9 

17 

8 

J\ 

III S. 13.8 
9i N. 30.8 

8; N. 49,2 



(^4-8 



17^4 June 

December 

1738 Decem.ber 
1740 June 
I 1.747 February 



II 

23 

2 
27; 



62.8 
1054 
176.3 
169. 1 



Precel- 
fion. 



Aberra- 
tion. 



K 



// 



-U 



9.0 

29.4 
43*8 

5^5' 






'+ 



4.6 
16.3 

i(> 5 



64.0 

73.8 

95-4- 
T16.0 



iN uta- 


tion. 


// 


+ 24 


5-2 

6.8 


77 



Dift. 
>outh 



// 



70.0 

7r.O 

68^ 



+ 



16.2 
16.3 
12.9 

10. o 



8.4 
8.8 
89 

79 



70.0 
68.1 
68.0 
69 I 



1557 
2^4.0 

262.8 

397.0 



14]. 8 j— 

■■•-rlNi ^ 






.6.1 
16.2 
15 2 
16.5 
02 



'" t— 



50 

3 7 

8.9 



69.9 

68.2 
65.7 
68.3 
69.6 

Altho' 
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Altho* I have taken no Obfcrvation of t Terfei 
iincc the 22d O^y of Jantiay 1740; yet, as tiiis 
Star is vcrv near the Zenith, and a fufficicnt Num- 
ber were made abour the Times when the Equation, 
rcHii-ing from the Hypothefis, was at its Maximum *, 
I judged it proper to infcrt fomc of them in the 
next Table , the laft Column of which (hews, how 
much the Star's fnean Dillancc was South of 38''. 
20'. on the 27th Day of March 1727. Among 
near do Obfervations I meet with two only, tliat 
differ from the mean of thefe fo much as 2^^ 5 and 
thofe differ ahiioft as much from the mean of others, 
that were taken near the fame time: fo that the 
Hypothcfis feems to correfpond, in general, with the 
Obfervations of this Star as well, as with either of 
the foregoing. 



^erfei. 
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After the Lift recited Obfervations, it may per- 
haps feem neediefs to add thofe of cc ^er/H^ which 
is farther from the Zenith ^ but however, as this 
Star lies very nearly at an equal Diftance from the 

Equinoftial 
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Equlnodial and Soiftitial Cokircs, and the Scries of 
Obfcrvations of it is fomevvhat more complae, than 
that of T Terfei i I fnall infcrt one at Icait, for each 
Year wherein it has been obfervcd 5 whereby it may 
appear, that the Hypothcfii) folves the Thanomena 
o^ Stars in this Situation, as exactly as in others : 
for if a wean be taken of the Numbers in the laft 
(Column of the following Table, which cxpreffes the 
mean Diftancc of the Star South of 41"". f. on 
March 27th 1727, it will agree within two Seconds, 
with. every one of 80 Obfervations, that iiave been 
made of this Star. 
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Having already given Examples of Stars, lying near 
both the Solftices and the Fernal Equinox ; 1 fhall 
iiow add the Obfcrvations of one^ that is not far 
trom the Autumnal Equinox, viz,, ri Urf£ Major is, 
the brightcft Star in that Part of the Heavens, which 
approaciies the Zenith of IVanJied wliKm a Degree 5 

and 
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€iid which, by rcafon of its Luftre and Pofition, 
gave nie the Opportunity of making my Scries of 
Obfervations of It^ moce complete than of many 
others. Tliis Star was compared with the Point 
marked jp"". 15^ and wzs South of it as in the fol- 
lowing Table i wherein your Lordfliip will fee, that 
the Obfervations of the Years 1740 and 1741 give 
the Polar Dtftanccs ^^^ greater, than the mean of the 
other Years. Had there been only a fingle Obfer- 
varion taken in either of thofe Years, Part of this 
apparent Difference might have been fuppofcd to 
arife from their Uncertainty 5 but as there were 8 
Obfervations taken within a Week, either before 
or after the 3d Day of June 1740, which agree 
well with each other j and three were made within 
20 Days in September 1741, whicii likewife corre- 
fponded with each other ^ I am inclined to think, 
that the Yoremention'd Differences muft be owing 
to fomething elfe, befides the Error of the Obfer- 
vations. This Thanomemn therefore may defer vc 
the Confideration of thofe Gentlemen, who have 
employed their Time in making Computations re- 
lating to the Quantity of the Effects, which the 
Power of Gravity may, on various Occafions, pro- 
duce. For I fufpect, that the Pofition of the Moon's 
Apogee, as well as of her Nodes, has fome Relation 
to the apparent Motions of the Stars that I am now 
.(peaking of. 

My Scries of Obfervations of feveral Stars alx)und, 
of late Year5, with fo many and long Interruptions 5 
tliat I cannot pretend to determine this Point 5 but 
probably the Diflferences before taken notice of ia 
the Obfervations of a CaJJiope^, and fome others 



C 34 3 

that I have found likcwife among the Obfervations 
of other Stars, that are not here recited, may be 
owing to fuch a Caufe 5 which, aitho' it ihould not 
have any large Share of Influence, may yet, in cer- 
tain Circumftances, difcover a Defect in a Hypothe- 
cs, that pays no Regard at all to It. But whether 
thcfe Differences do arife from the Caufe already 
hinted at ^ or whether they proceed from any De- 
fect of the Hypothefis itfclf in any other refpect j it 
will not be very ^<j?/m^/ in point of Practice 5 fince 
that Hypothefis, as it was before laid down, appears 
to be fufhcient to folve all the Th^nomenay to as 
great a Degree of Exactnefs, as we can in general 
kope or expeti to make Obfervations. For if I rake 
liic mea7i of all the Numbers in the lafl Column of 
the following T dblc ^ox ^Urpe Ala jor is y znA com- 
pare it with any one of 164 Obfervations that were 
taken of it, the Difference will not exceed three 
Seconds. 
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You may perceive, my Lord, by infpefting the 
Tables which contain the Obfcrvations of ct CaJJio- 
pe£ and n Urfe Majons ;i\\7ii the grcatcft DifFcrcnccs 
that occur therein may be diminifhcd, by fuppofing 
the true Pole of the Equator to move round the 
Point "P, in an Ellipjis, inftead of a Circle. For if 
the tranfvcrfc Axis, lying in the Direftion AC^ be 
iS''^, and the Conjugate, as ^B, be about id'j the 
Equations, rcfulting from fuch an Hypothefis, will 
make the Numbers in the laft Columns agree with 
each other, nearer than as they now ftand. But 
iince this would not entirely remove the Inequa- 
lities, in all the Pofitions of the Moon's Nodes; I 
fhall refer the more accurate Determination of the 
Locus of the true Pole to Theory 5 and at prefent 
only give the Equations for the Precellion of the 
Equinoctial Points, and the Obaquity of the Eclip- 
tic, as alfo the real Quantity of the annual Prccef- 
fion, to every 5 th Degree of the Place of the Moon's 
Afccnding Node, in the following Tables; juft as 
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they rcjfult fmm the Hypothcfis, as at fitfl laid down*- 
it appearing, from what has already been remarked, 
that thcfc will be fufficicntiy exact for Practice ia all 
Cafes. 
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Sir Ifaac Ne^juton, in dctcrniiniiig the Q^iantTty 
of the annual Prcceflion from the Theory of Gra- 
vity, upon Suppofition that the Equatorial is to the 
Polar Diameter of the Earth as 230 is to 229, finds 
the Sun's Action fufBcicnt to produce a Preccflion 
of 9'% only) and, collecting from the Tides the 
Proportion between the Sun's Force and the Moon's 
to be as r to 4I, he fettles the mean Preccflion, re* 
fulting from their joint Actions, at 50^', But Itnce 
the Diltcrcncc between the Polar and Equarorial 
Diameter is found, by the late Obfcrvations of the Gen- 
tlemen of the y^r^^^^^/^v of Sciences, to be greater than 
what Sir Jfaac had computed it to be ^ the Preceffion, 
arifing from the Sun's Action, mud: Ilkewifc be greater 
than what he has Rated it ar, nearly in the famePropor*- 
tion. From whence it will follow, that the Moon's 
Force muft bear a lefs Proportion to the Sun's than 
4i. to 1 5 and perhaps thzTh^nomena^ which I have 
now been giving an Account of, will fupply the 
bvft T)ata for fettling this xMatter. 

As I apprehend, th:t the Obfcrvations already fct 
down will be judged fufficient, to prove in general 
the Truth of the Hyporhefis before advanced ; I fhall 
not trouble your Lordfnip with the Recital of more, 
that I made of Stars lyin^ at greater Diftances from 
the Zenith i thofe not being fo proper, tor the Rea- 
fon before -mentioned, to ertabliOi the Point that I had 
chiefly in View. But as it may perhaps be of fome Ui^c 
to future Aftronomers, to know what were the mean 
Differences of Declination, at a given Time, between 
fome Stars, that lie nearly oppofitc to one another 
in Pvight Afcenfion, and not far from either of the 
Coluresh I Pnall fet down the Refult of the Compa- 
nfon of a few, that differ fo little in Decimation, 

♦" K •-, r 



C 38 ] 

that I could determine the Quantity of that Differ- 
ence with great Certainty, 

By the mean of 64 Obfcrvations, that were made 
of OL Cajfiopea before the End of the Year 1728, I 
col left, after allowing for the Prcceffion, Aberra- 
tion and Nutation as ia the foregoing Tables^ that 
the mean Diftance of tl\i.s Star was 68^7 South of 
34''. 5 5^ on the 27th Day of March ijzy. By a 
J ike Comparifon of 40 Obfcrvations, taken of 5. 
ljrf£ Major'ts during the fame Interval of Time, 1 
find this Star was, at the fame time, S9'^6 South 
of 34^. 4f'. I carefully meafured, with the Screw 
of the iMicrometcr, the Diftance between the Points, 
With which thefe Stars were compared 5 and found 
tiicm to be 9^ 59^' from each other, or one Second 
lets than they ought to have been. Hence it foi- 
lows, that the mean Difference of Declination be- 
tween thefe two Stars, was lo^ 2 8".i,on the 27th 
D rf of March 1727. 

By the mean of 6f Obfervatlons, that were taken 
oif6CaJJiope£, before the End of the Year 172^, 
this Star was 3f'^.8 North of 32^ 20', on the 27th 
Day of March 1727 : and by the mean oi 52 Ob- 
fervations, s Urf£ Major'ts was %f.6 South of 32^ 
30' at the fame time. The Diftance between thefe 
Points was found to be 9'. fp '^3 5 from whence it 
follows, tliat the ;j^^^,^ Difference of Declination be- 
tween thefe two Stars was 11'. 5 2^'. 7 on March 27th 
1727. 

By the mean of 100 Obfcrvations, taken before 
the End of the Year 1728, the /i^^^;^ Diftance of 
yTiraconts was 79^8 South of 38^. 2$' on March 
zytii ij^jh and by the mean of 35 Obfcrvations, 

th 
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the 35th Camdopard. Heveh was South of the 
fame Spot 76''^4- So that the mean Polar Diftancc 
of y^raconis was only 3^^4 greater, than that of 
the 35th Camelopard. HeveL but as the Equation 
for the Nutation, in both thcfc Stars, was then near 
the Maximum^ and to be applied with contrary 
Signs > the Apparent Polar Diftance of ^j. Draconis 
was 2i^'.4 greater, on the tjih Day of March 
1727. 

The Differences of the Polar Diftanccs of the 
Stars, as here (ct down, may be prefumed, both on 
account of the Radius of the Inftrument and the 
Number of Obfcrvations, to be very exadly deter* 
mined, ^o the Time when the Moon's Afccnding 
Node was at the Beginning of Aries % and if a like 
Comparilon behcreaftcr made, of Obfcrvations taken 
of the fame Stars, near the fame Pofition of the 
Moon's Nodes $ future Aftronomers may be enabled, 
to fettle the Quantity of the mean Preceflion of the 
Equinox, fo far as it affeds the Declination of thcfc 
Stars, with great Certainty : and they may likewife 
difcover, by means of the Stars near the Solftitial 
Colure, from what Caufc the apparent Change in 
the Obliquity of the Ecliptic really proceeds, if the mean 
Obliquity be found to diminifh gradually. 

The Aforementioned Points indeed can be fettled 
only on the Supposition, that the angular Diftances 
of thefe Stars do continue always the fame, or that 
they have no real Motion in themfelvesj but are 
at Reft in Abfoiute Space, A Suppofition, which 
though ufually made by Aftronomers, ncvcrthclefs 
feems to be founded on too uncertain Principles, to 
be admitted in a!) Cafes. For if a Judgment may be 
formed, with Regard to this Matt'er, from the Re- 

fult 
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fult of the Ccinparifon of our bed: modern Obfcr- 
vations, with fuch as were formerly made with any 
tolerable Degree of Exaftnefs ; there appears to have 
b.en a real Change in thcPofttion of feme of the fixed 
Stars, with rcfpect to each other; and fuch, as 
fccrns independent of any Motion in our own Syf- 
tem, and can only be referred to fome Motion in 
the Stars rhemfelves. Arcinrus affords a (Irong Proof 
of rhib : for if its preknt Declination be compared 
with its Place, as determined cither by Tycho or 
Llamfteed'-, the Difference wiil be found to be much 
greater, than what can be fufpected to arife from 
-the Uncertainty of their Obfervations. 

It is rcafonable to exped, that other Indances of 
the like kind muft a!fo occur among the great Num.- 
ber of the vifible Stars : becaufe their relative Po- 
fitions may be altered by various means. For if our 
own Solar Syftcm be conceived to change its Place^ 
with refpect to Abfolute Space; this might, in Pro- 
cefs of Time, occafion an apparent Change in the 
angular Diftances of the fixed Stars ; and in fuch a 
Cafe, the Places of the neareft Stars being more af- 
fected, than of thofe that are very remote ^ their re- 
lative Pofitions might fecm to alter j tho' the Scars 
themfelves were really immoveable. And on the 
other Hand, if our own Syftem beatReft, and any of 
the Stars really in Motion, this might like wife vary 
their apparent Pofitions,- and the more fo, the nearer 
they are to us, or the fwifter their Motions are, or 
the more proper the Direction of the Motion is, to 
be rendered perceptible by us. Since then the Rc- 
jativc Places of the Stars may be changed from fuch 
a Variety of Caulcs^ con(kknng that amazing Di- 

iv. ncc 
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tance at which it is certain fomc of them arc placed, 
it may require the Obfervations of many Ages, to 
determine the Laws of the apparent Changes, even 
of a ftngle Star : much more difficult therefore mud 
it be, to fettle the Laws relating to all the moft re- 
markable Stars. 

When the Caufes, which affect the Places of all 
the Stars in general are known 5 fuch as the Precef 
fion. Aberration, and Nutation $ it may be of fingu- 
lar Ufe, to examine nicely the relative Situations of 
particular Stars : and efpecially of thofe of the greateft 
Luftre, which, it may be prefumed lie ncareft to 
us, and may therefore be fubject to more fenfible 
Changes 5 either from their own Motion, or from 
that of our Syftem. And if at the fam': time that 
the brighter Stars are compared with each other, we 
likewifc determine the relative Pofitions of fome of 
thtfmalleji that appear near them, whofe Places can 
be afcertained with fufficient Exactnefs 5 we may 
perhaps be able to judg^ to what Caufe the Change, 
if any be obfervable, is owing. The Uncertainty 
that we are at prefent under, with refpect to the 
Degree of Accuracy wherewith former A ftronomers 
could obferve, makes us unable to determine fevcral 
Things, relating to the Subject that I am now Ipeak- 
ing of: but the Improvements, which have of late 
Years been made in the Methods of taking the 
Places of the heavenly Bodies, are fo great, that a 
few Years may hereaiter be fufficient, to fettle fomc 
Points 5 which cannot now be fettled, by comparing 
even the earlicft Obfervations with thofe of the pre- 
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It were to be wifh'd therefore, that fuch Perfons 
as are provided with proper Inftruments, would at- 
tempt to determine, with great Care, the prefcnt 
relative Pofitions of fevcral ot the Principal Stars, in 
various Parts of the Heavens; efpecially of thofe, that 
are leaft affected by Pvcfraction : that Caufe having 
many times fo uncertain an Influence on the Places 
of Objects, that are very remote from the Zeniths 
that wherever It is concerned, the Conclufions, de- 
duced from Obfervations that ate much affected by 
it, will always rem.ain doubtful, and too precarious, 
in many Cafes, to be relied upon. 

The Advantages, arifing from different Perfons 
attempting to fettle the fame Points of Agronomy 
near the fame time, are fo much the greater $ as a Con- 
currence in the Refult, would remove all Sufpicion 
of Incorrectnefs in the Inftruments made ufe of. For 
which Reafon, I efteem the curious Apparatus at 
Shirktrn Cajile^ and the Obfervations there taken, 
as a mofl valuable CrtterioYiy whereby I may judge 
of the Accuracy of thofe, that are made at the Rojai 
Obfervatory : and as a Lover of Science 1 cannot but 
wifh, that our Nation abounded with more frequent 
Examples, of Perfons of like Rank and Ability with 
your LordfTiip, equally delirous of promoting This, 
as well as every other Branch of Natural Know* 
ledge, that tends to the Honour and Benefit of our 
Country. 

But were the Patrons of Arts and Sciences ever fo 
numerous, the Subject of my prefent Letter is of 
fuch a Nature, as muft direct me, to beg Leave to 
addrcfs it to the Eari of Macclesfield ^ not only as 
a molt competent Judge of iti but as xhe fole Per- 
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fon, In this Nation, that hath Inftruments proper to 
examine into the Truth of the Facts here related. 
And it is a particular Satisfaction to me, that after fo 
long an Attendance upon thcfe ^hanomena^ I am 
allowed the Honour of tranfmitting the Account 
of them to the Public, thro' your Lordfliip's Hands : 
as it gives me at the fame time an Opportunity of 
proferiing the grateful Senfe I fhall ever retain, both of 
the jfignal Favours which I formerly received from 
the noble Earl your Father, and of the many recent 
Obligations conferred by yourfelf upon. 

My Lord, 

Tout Lordjhifs 



mojl obedient 



Greemvichy DeCt3io 

1747- 



humble Ser'vantf 



Ja. Bradley. 
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